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ABSTRACT
Objective: Using a retrospective cohort study, the
mean length of hospital stay (LoS) and total per-patient
expenditure for hypoglycemia requiring admission to
hospital were estimated. In a separate matched
retrospective cohort study, the effect of inpatient
hypoglycemia on LoS, expenditure, and risk of all-
cause mortality while admitted was investigated.
Methods: The cohorts consisted of patients aged
≥18 years with a diagnosis of type 1 or 2 diabetes
between January 1, 2002 and October 30, 2012 in the
Clinical Practice Research Datalink database, who had
initiated insulin treatment and had a recording of
hypoglycemia in the same period. In the matched
retrospective cohort study, exposed patients (who
experienced hypoglycemia in hospital) were case-
matched with patients who did not experience
hypoglycemia during admission (unexposed).
Generalized linear regression was used to estimate
LoS. Risk of all-cause mortality was evaluated via
logistic regression.
Results: In the retrospective cohort study (1131
patients), mean LoS was 5.46 (95% CI 4.62 to 6.45)
days for type 1 diabetes, and 5.04 (95% CI 4.46 to
5.71) days for type 2 diabetes. Mean cost per
admission was £1034 (95% CI £855 to £1253). In the
matched retrospective cohort study (1079 pairs of
patients), exposed patients had a mean LoS of
11.91 days (95% CI 10.96 to 12.94 days) versus 4.80
(95% CI 4.41 to 5.23) for unexposed patients,
p<0.0001. Exposed patients had a higher mortality risk
compared with unexposed patients (OR 1.439 (95% CI
1.060to 1.952), p=0.0195). Total average per-patient
cost for exposed patients was GBP (£)2235, 40%
(p<0.0001) higher than total average admission cost in
unexposed patients.
Conclusions: Hypoglycemia has a significant negative
impact on patient outcomes, healthcare resource use,
and expenditure.

RESEARCH QUESTIONS
▸ What are the total national costs of treat-

ing hypoglycemia in hospital?

▸ To what extent does comorbidity account
for patients’ risk of hypoglycemia, subse-
quent length of hospital stay, and risk of
mortality?

▸ Is it possible to identify, through prescrib-
ing patterns, patients at high risk of hypo-
glycemia with the aim of reducing the
economic burden on the healthcare
system?

Hypoglycemia is one of the most common
and serious side effects of insulin therapy, in
some cases leading to hospitalization.
Although only a small proportion of hypogly-
cemic episodes result in hospital admission,
treating patients is a major economic burden
for healthcare providers.1 Treatment costs
may include general practitioner attendance,
ambulance transport, accident and emer-
gency care, and expenses incurred during
the hospital stay. Among elderly patients,
nearly 25% of hospital admissions have been
attributed to either insulin or oral antidia-
betic agents, and it has been estimated that
the annual direct cost of treating severe
hypoglycemic episodes could be in excess of
£13 million in the UK.2 3 Hypoglycemia is
also common among inpatients with diabetes,
occurring in approximately 8% of admissions,

Key messages

▪ Hospitalization of people with diabetes following
a hypoglycemic episode leads to significant
expenditure and use of healthcare resources.

▪ Inpatients who experience hypoglycemia are
likely to have an increased length of hospital stay
and are at a higher risk of dying in hospital.

▪ Reducing the incidence of hypoglycemia in the
community and in hospital is medically and
economically important, with the potential to
generate significant cost savings for healthcare
providers at a national level.
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and leading to a substantial increase in the length of hos-
pital stay (LoS) and mortality.4 5 Aside from its acute
physiological effects, hypoglycemia has been associated
with an elevated risk of cardiovascular events, fall-related
fractures, and death, particularly among hospitalized
patients, all of which add to the LoS and total cost of
treatment.6–10

Notwithstanding, the resource implications of treating
hypoglycemic episodes at the national level remain
poorly understood. The reason for this is twofold: first,
the true prevalence of hypoglycemia is unknown due to
under-reporting of events;3 second, the long-term eco-
nomic consequences of hypoglycemia are modeled esti-
mates—the direct cost of a single episode being an
average derived from a number of studies.11 12 However,
there is growing appreciation of the cost implications of
hypoglycemia. This is in part due to recent publications
that have attempted to estimate the economic burden,
but also as a result of the growing population of people
with diabetes who require blood glucose-lowering
therapy, leading to an increase in hospital admissions
resulting from hypoglycemia.13

We carried out two separate analyses: 1) a retrospect-
ive cohort study designed to estimate the mean LoS,
associated risk factors, and total per-patient expenditure
resulting per severe hypoglycemic episode requiring hos-
pitalization, in patients with type 1 or 2 diabetes; 2) and
a matched retrospective cohort study that estimated the
marginal effect of in-hospital hypoglycemia on LoS and
total per-patient expenditure in hospital admitted inpati-
ents with type 1 or 2 diabetes. In the matched retro-
spective cohort study, excess risk of mortality among
patients experiencing a hypoglycemic episode was also
estimated.

METHODS
Data for both cohorts were obtained from the Clinical
Practice Research Datalink (CPRD) database. The CPRD
maintains anonymized, longitudinal primary care
records from participating general practices in the UK,
and represents approximately 8% of the population.14

All practices submitting data to the CPRD abide by an
agreed protocol for the collection of demographic,
clinical, laboratory, and prescription data.
In the present study, data from the CPRD were linked

with the Hospital Episodes Statistics (HES) database.
The HES database holds information on all admissions,
outpatient appointments, and emergency attendances at
National Health Service (NHS) hospitals in England.
The study populations in the retrospective and matched
retrospective cohort studies were different. Both cohorts
included all patients in England with type 1 or 2 dia-
betes, aged ≥18 years, eligible for linkage with HES, with
a READ/OXMIS diagnosis code for diabetes (see online
supplementary table S1) between January 1, 2002 and
October 30, 2012 in the CPRD, who had initiated
insulin treatment (at least two prescriptions) and had a

recording of hypoglycemia in the HES database in the
same period (January 1, 2002 and October 30, 2012).
Hypoglycemic episodes in the HES were identified using
International Classification of Disease V.10 (ICD-10)
codes (see online supplementary table S1). All hypogly-
cemic episodes required assistance by a third party, and
would therefore be classified as severe under the
American Diabetes Association (ADA) guidelines.15 All
patients had a READ code for diabetes type; however, to
improve the accuracy of type 1 diabetes classification,
the following criteria were required: READ code for type
1 diabetes, insulin treatment started a minimum of
1 year after diagnosis, patient not treated with oral anti-
diabetic drugs (OADs) before insulin initiation. Patients
not meeting these criteria were classified as type 2.
In the retrospective cohort, to assess the LoS, registra-

tion of hypoglycemia as the primary diagnosis was
required in addition to the previously stated joint inclu-
sion criteria. Patients were followed up from admission
(due to hypoglycemia) until discharge.
In the matched retrospective cohort study—in add-

ition to the joint inclusion criteria—to evaluate the mar-
ginal effect of inpatient hypoglycemia on LoS, total
per-patient expenditure, and risk of all-cause mortality,
we identified all patients who experienced hypoglycemia
(exposed) during hospitalization in the study period
(January 1, 2002 and October 30, 2012) and matched
them in a 1:1 ratio with those who had the same
primary diagnosis and diabetes type, but who did not
experience hypoglycemia (unexposed). Primary diagno-
sis was established using 3-digit ICD-10 codes, with the
exception of codes A1, N0, T5, L8, J4, and G9, which
were collapsed to two digits in order to find matches.
Patients with a primary diagnosis of hypoglycemia were
excluded.
The following covariates were included in the analyses:

gender, age, geographical region, type of diabetes, use
of medication (other than insulin), body mass index
(BMI), glycemic control (glycated hemoglobin, HbA1c),
smoking status, and Charlson comorbidity index (based
only on registrations in the CPRD).16 BMI and HbA1c

measurements were recorded in a 6-month window
before the index date. When multiple measurements
were available, those closest to the index date were used.
Statin and antihypertensive medication use was recorded
in a 60-day window before the index date. READ/
OXMIS and ICD-10 codes for hypoglycemia, diabetes
type, smoking status, and British National Formulary
chapters for antihypertensive medication and statins are
available in online supplementary table S1. Class of
insulin (not on product level) was also recorded.
To estimate the in-hospital cost of treating patients for

hypoglycemia, we combined data from the HES database
with Healthcare Resource Group (HRG) ‘groupers’.
HRGs are groupings that consist of patient events
judged to consume a similar level of resources, for
example, specialist palliative care. Under this process,
total hospital costs are calculated initially at the
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treatment service level (eg, wards, theatres, and phar-
macy), then among specialties, and finally in HRGs. In
our study, HRG groupers were used to associate
inpatient procedures in the Office of Population
Censuses and Surveys 4 (OPCS-4) procedural classifica-
tion format with a cost. Costs were reported in £s at 2012
prices. Inpatient costs were derived from the NHS HRG
Grouper Software, which combines procedure codes
and ICD-10 diagnostic codes to output the most relevant
HRG iso-resource code and associated tariff. We used
the most up-to-date grouper tariffs (HRG4+ 2011/2012)
in order to reflect the current levels of resource use for
severe hypoglycemia.17 Using this methodology, we were
able to identify the per-patient in-hospital cost of
hypoglycemia.

Statistical analyses
Baseline characteristics were reported using descriptive
statistics. To assess LoS, a general linear model was used,
adjusting for covariates and testing for potential differ-
ences between the groups. Stepwise exclusion of non-
significant covariates in the statistical model allowed us
to gauge their impact on LoS. The statistical model was
also used to identify potential risk factors impacting on
LoS. Analysis of all-cause mortality was performed via
logistic regression, adjusting for the covariates (described
previously). A sensitivity analysis comprising a zero-
truncated negative binomial and Cox regression was per-
formed to understand the influence of missing data on
the choice of model for LoS. A γ model with a logarith-
mic link function was used to estimate the cost associated
with LoS. Stepwise backward elimination was used in all
regression models. All statistical tests were two-sided; sig-
nificance was defined as 5%. Age, gender, and diabetes
type were included in all models irrespective of signifi-
cance. All statistical analyses were carried out using SAS
V.9.3 and SAS Enterprise guide V.5.1 software (Cary,
USA).
The protocol (13_063R) described above was approved

by the Independent Scientific Advisory Committee
(ISAC). ISAC is independent of the Medicines and
Healthcare Products Regulatory Agency and the CPRD.

RESULTS
Hypoglycemia as a primary diagnosis (retrospective
cohort study)
A total of 1131 patients, accounting for 1490 hospitaliza-
tions, contributed to the retrospective cohort study (297
with type 1 and 834 with type 2 diabetes), all with a
primary diagnosis of hypoglycemia. Baseline demo-
graphics evaluated at hospitalization (mean±SD) were
age 57.1±21.5 years, BMI (n=167) 25.2±5.1 kg/m2,
HbA1c (n=215) 8.8±2.0% (72.7±21.8 mmol/mol), and
Charlson comorbidity index score (n=404) 3.5±2.1 for
patients with type 1 diabetes, and age 75.7±12.5 years,
BMI (n=482) 28.1±6.4 kg/m2, HbA1c (n=683) 8.5±2.0%
(69.4±21.9 mmol/mol), and Charlson comorbidity

index score (n=1086) 4.0±2.2 for patients with type 2
diabetes. Population characteristics at index date are
shown in table 1. Eighty-six per cent of patients were
admitted to hospital via the accident and emergency
department, while 10% were transferred to hospital via a
general practitioner.
The mean LoS for patients with type 1 and 2 diabetes

was 5.46 (95% CI 4.62 to 6.45) and 5.04 (95% CI 4.46 to
5.71) days, respectively. The estimated mean LoS for
patients with hypoglycemia as a primary diagnosis is
shown in table 2. There was no significant difference in
LoS for patients with type 1 and 2 diabetes. HbA1c,
Charlson comorbidity index score, insulin regimen,
smoking status, and BMI did not influence the LoS.
Gender, OAD regimen, and age at first admission to hos-
pital for hypoglycemia had a significant influence on
LoS, with older female patients and those treated with
sulfonylureas/glinides remaining longer in hospital.
Each year increase in age increased LoS by 1.02% (95%
CI 1.02 to 1.02), p<0.0001. Probability values for risk cov-
ariates in the final regression model are shown in
table 2. We identified the cost for 1454 (97.6%) of the
total number of admissions to hospital. The mean total
estimated expenditure per hospital admission for hypo-
glycemia was £1034 (95% CI 855 to 1253). There was no
difference in cost between patients with type 1 and 2 dia-
betes. In the regression analysis, age (p<0.001), insulin
regimen (p=0.009), and OAD regimen (p=0.04) had a
significant interaction with treatment cost. The results of
the sensitivity analyses were in agreement with those of
the regression models.

Table 1 Population characteristics at index date:

hypoglycemia as a primary diagnosis

Type 1 diabetes

(n=404)

Type 2 diabetes

(n=1086)

n % n %

Gender

(male/female)

232/172 57.4/42.6 542/544 49.9/50.1

Smoking status

Never smoked 75 18.6 137 12.6

Ever smoked 329 81.4 949 87.4

Insulin regimen

Basal only 20 5.0 196 18.0

Bolus only 19 4.7 19 1.7

Basal-bolus 152 37.6 122 11.2

Premix 167 41.3 561 51.7

Other* 46 11.4 188 17.3

OAD regimen

Metformin 11 2.7 163 15.0

Sulfonylurea

+glinides

3 0.7 45 4.1

Other OAD 109 27.0 294 27.1

No OAD 281 69.6 584 53.8

*Any insulin regimen that cannot be readily classified as basal
only, bolus only, basal-bolus, or premix.
OAD, oral antidiabetic drug.
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Inpatient hypoglycemia (matched retrospective
cohort study)
For the second analysis, the matched cohort consisted of
1079 pairs of hospitalized patients (212 and 867 pairs of
patients with type 1 and 2 diabetes, respectively). Baseline
characteristics (mean±SD) were age 66.5±16.1 years, BMI

(n=755) 27.9±6.0 kg/m2, HbA1c (n=641) 9.6±2.1% (81.4
±22.6 mmol/mol), and Charlson comorbidity index score
(n=1079) 4.0±2.3 in patients who experienced hypogly-
cemia during hospitalization, and age 63.1±16.1 years,
BMI (n=734) 29.3±6.5 kg/m2, HbA1c (n=626) 9.2±2.2%
(77±24.1 mmol/mol), and Charlson comorbidity index
score (n=1079) 4.0±2.5 for those who did not experience
hypoglycemia during hospitalization. Population
characteristics at hospitalization for exposed (experienced
hypoglycemia during hospital stay) and matched unex-
posed patients are provided in table 3. Major categories
of primary diagnoses are provided in online supplemen-
tary table S2.
Exposed patients spent 11.91 (95% CI 10.96 to 12.94)

days in hospital compared with 4.80 (95% CI 4.41 to
5.23) days for unexposed patients, p<0.0001 (table 4).
After multivariate adjustment, age and Charlson
comorbidity index score were found to have a significant
influence on LoS, p<0.05. Increasing LoS was a function
of increasing age in exposed and unexposed patients
(figure 1). Exposed patients were more likely to die in
hospital compared with unexposed patients (OR 1.439
(95% CI 1.060 to 1.952), p<0.0195). Increased age was
also associated with a higher risk of all-cause mortality
among exposed patients (OR 1.026 (95% CI 1.015 to
1.038), p<0.0001). Sensitivity analyses confirmed the
results of the regression models.
Costs were identified for 1502 (69.6%) of 2158 admis-

sions. Derived from these, the estimated total average
per-patient cost for exposed patients was £2235,

Table 3 Population characteristics at hospitalization: inpatient hypoglycemia

Exposed (n=1079;

with hypoglycemia)

Unexposed (n=1079;

no hypoglycemia)

n % n %

Gender

Male 567 52.5 582 53.9

Female 512 47.5 497 46.1

Diabetes type

1 212 19.6 212 19.6

2 867 80.4 867 80.4

Smoking status

Never smoked 115 10.7 131 12.1

Ever smoked 964 89.3 948 87.9

Insulin regimen at admission

Basal only 135 12.5 124 11.5

Bolus only 16 1.5 21 1.9

Basal-bolus 114 10.6 124 11.5

Premix 328 30.4 280 25.9

Other* 486 45.0 530 49.1

OAD regimen at admission

Metformin 122 11.3 138 12.8

Sulfonylurea/glinides 50 4.6 71 6.6

Other 63 5.8 83 7.7

No OAD 844 78.2 787 72.9

*Any insulin regimen that cannot be readily classified as basal only, bolus only, basal-bolus, or premix.
OAD, oral antidiabetic drug.

Table 2 Hypoglycemia as a primary diagnosis. Estimated

mean LoS (days).

Mean

LoS

(days)

95% CI

(lower)

95% CI

(upper) p Value*

Overall 5.25 4.63 5.95

Gender

Female 5.57 4.85 6.40 0.0482

Male 4.95 4.31 5.67

Diabetes type

1 5.46 4.62 6.45 0.3103

2 5.04 4.46 5.71

OAD regimen

Metformin 4.53 3.73 5.50 0.0275

Sulfonylureas/

glinides

6.07 4.34 8.49

Other OAD 4.86 4.24 5.57

No OAD 5.68 5.10 6.32

*p Values for categorical variables retained in the generalized
linear model analysis of potential risk factors. p Values indicate
the level of significance for each variable’s influence on the
outcome.
LoS, length of stay; OAD, oral antidiabetic drug.
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compared with £1591 for unexposed patients). This dif-
ference between groups remained in a multivariate
adjusted γ model with log link; 38.7% (95% CI 29.6 to
48.5), p<0.0001.

DISCUSSION
To the best of our knowledge, this is the first study to
estimate, in a nationally representative population, the
resource implications and expenditure associated with
outpatient and inpatient hypoglycemia. The results of

our longitudinal analyses reveal the substantial eco-
nomic burden of treating patients following a hypogly-
cemic event, and confirm that experiencing
hypoglycemia in hospital increases the mean LoS, risk of
all-cause mortality, and associated treatment costs.
Despite the best efforts of patients and physicians, not
all hypoglycemic events can be avoided; however, we can
identify risk factors for patients who are admitted to hos-
pital. In both of our cohorts, age was associated with an
increased LoS, and in the matched retrospective study
(inpatient hypoglycemia) age was also linked with an
increased risk of mortality; therefore, it may be pertinent
to develop strategies targeting these patients through
dose adjustment. This would be in keeping with the
move toward individualized patient care, particularly for
patients with type 2 diabetes, advocated by the ADA/
European Association for the Study of Diabetes
(EASD).18 In addition, targeting the most resource
intensive patients could help reduce healthcare expend-
iture. The cost analyses in our study highlight the eco-
nomic burden of hypoglycemia on healthcare payers.
The greatest increases in LoS among exposed patients

in the matched retrospective cohort study were observed
in patients with primary diagnoses of cerebral infarction,
heart failure, and acute renal failure. We speculate that
the relatively greater severity of such diagnoses, com-
pared with other primary diagnoses, makes these
patients particularly vulnerable to the consequences of
hypoglycemia on their general health status.
The absence of randomization of patients in exposure

groups is an inherent problem in observational studies.
Although we cannot be certain that hypoglycemia is the
determining factor for LoS or risk of mortality in the
inpatient analysis, matching the two patient groups on
primary diagnosis and other background variables
reduced confounding. In the retrospective cohort study,
although all patients had diabetes and were receiving
insulin therapy, we cannot exclude the possibility that
some hypoglycemic episodes may have been due to
other causes, for example, sepsis or alcoholism, rather
than medication. Likewise, for the matched retrospective
cohort study, we do not have data on insulin or OAD
prescriptions during admission, which limits our ability
to confirm that the inpatient hypoglycemic episodes
were related to medication. Confounding in the
matched retrospective cohort study may have occurred
due to patients not being matched on the Charlson
comorbidity index score. Another limitation of this study
is that there are no blood glucose measurements avail-
able to confirm hypoglycemia. Despite this, we believe
that the classifications of events are likely to be accurate,
as the recordings were made by experienced healthcare
professionals. Miscoding of hypoglycemia events is pos-
sible, and it may not have been the reason for hospital-
ization in all patients. In these cases, it is conceivable
that the patient would have been admitted anyway for
an underlying symptom. However, since hypoglycemic
events were recorded by healthcare professionals, this

Figure 1 Inpatient hypoglycemia. Log transformation of

length of stay (LoS) by age for exposed and unexposed

patients. Curves and 95% CI (shaded areas) are fitted by a

Loess curve with a smoothing parameter 0.5.

Table 4 Inpatient hypoglycemia. Estimated mean LoS

(days).

Mean

LoS

(days)

95%

CI

(lower)

95% CI

(upper) p Value*

Hypoglycemia <0.0001

Exposed (with

hypoglycemia)

11.91 10.96 12.94

Unexposed (no

hypoglycemia)

4.80 4.41 5.23

Gender 0.0796

Female 7.91 7.27 8.61

Male 7.23 6.65 7.86

Diabetes type 0.4907

1 7.75 6.85 8.76

2 7.38 6.94 7.84

CCI score 0.0033

1 6.23 5.50 7.07

2 8.11 6.94 9.49

3 7.29 6.46 8.22

4 8.79 7.67 10.08

5+ 7.63 6.94 8.40

*p Values for categorical variables retained in the generalized
linear model analysis of potential risk factors. p Values indicate
the level of significance for each variable’s influence on the
outcome.
CCI, Charlson comorbidity index; LoS, length of stay.
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was unlikely to be a major source of confounding. In the
inpatient study, the time of the hypoglycemic episode
during the hospital stay was not recorded. This prevents
us from estimating the proportion of increased LoS that
can be attributed to hypoglycemic events and any result-
ing economic consequences. As with other register-based
studies, we cannot be sure that patients had a continuous
use of insulin after the second prescription.19 This study
did not record patients’ history of outpatient hypogly-
cemia, and thus it is possible that there is an overlap
between our study populations. Our analysis does not
permit causality to be ascribed, but it does enable deriv-
ation of an associated cost between hypoglycemia and
hospitalization. Costs were derived from a subset of
patients for both the retrospective and matched retro-
spective cohorts; however, since the subsets were large
and LoS is the main driver of costs, these estimates
should be representative of the full data sets.
Although this study uses data from England, we antici-

pate that similar results would be obtained in other
countries. A major strength of our analysis is that UK
databases, such as the CPRD, provide long-term cover-
age of patients’ healthcare records.
In summary, hospitalization of people with diabetes

following a hypoglycemic episode leads to significant
expenditure and use of healthcare resources. Furthermore,
inpatients who experience hypoglycemia are likely to have
a greatly increased LoS and are at a higher risk of dying in
hospital. Reducing the incidence of hypoglycemia in the
community and in hospital is medically and economically
important, with the potential to generate significant cost
savings for healthcare providers at a national level.
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